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Abstract A set of 24 genotypes bred at different centres in
India as well as in CIMMYT showing variability for drought
tolerance were selected for molecular and morpho-
physiological characterization. A set of 35 SSR markers,
having genome-wide coverage, was chosen for genotyping
the inbreds. These markers generated a total of 111 poly-
morphic alleles with an average of 3.17 alleles per locus.
The minimum and maximum PIC value was 0.27 and 0.77
with a mean of 0.5. A total of 13 unique alleles were found
in the 24 inbred lines. The coefficient of genetic dissimilar-
ity ranged from 0.192 to 0.803. NJ-based tree suggested the
presence of three major clusters of which, two of them had
subgroups. Phenotyping of inbreds by morpho-
physiological traits revealed that there was a positive rela-
tionship among root length, chlorophyll content, relative
water content while anthesis-silking interval was negative
relationship with all these traits. Genotyping data comple-
mented by morpho-physiological parameters were used to
identify a number of pair-wise combinations for the devel-
opment of mapping population segregating for drought tol-
erance and potential heterotic pairs for the development of
drought tolerant hybrids.
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Abbreviations
RWC Relative water content
ASI Anthesis-silking interval
RL Root length
CC Chlorophyll content
LAI Leaf area index
QTL Quantitative trait locus

Introduction

The importance of maize (Zea mays L.) in Indian farming
system is very much realized and the crop is gaining more
popularity in recent days due its multiple uses. The crop is
next to pearl millet and sorghum with respect to drought
tolerance. Traditionally, in India, maize is grown in kharif
but it now finds a place in rabi by replacing other rabi crops.
Nearly 85% of the total area is now under kharif cultivation,
while rabi maize occupies <10% of the area and contributes
more than 25% of the annual production (Singh et al. 2005).
Both kharif and rabi seasons are prone to drought stress at
the critical stages of the crop growth particularly at pre-
flowering stage. Drought in kharif is because of delay or
failure of monsoon rain whereas in rabi, it is due to non
availability of irrigation water during March-April which
normally coincides with flowering and grain filling stages.
Grain yield under drought stress affects the grain yield
dramatically. Development of drought tolerant hybrids is
the only approach to mitigate the challenges posed by cli-
mate change and the ever decreasing irrigation water to the
Indian cropping systems.

Knowledge on genetic diversity in crop plants is very
important to understand the trait variability. Genetic rela-
tionship of maize germplasms was characterized with the
help of morphological traits as early as in 70’s (Goodman
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and Bird 1977). Nowadays, morphological characters are
less preferred for genetic diversity studies because they are
limited in number, environmentally influenced, less poly-
morphic, stage specific expression, low heritability and var-
ious other reasons (Smith and Smith 1992). On the other
hand, DNA markers are used in genetic characterization and
diversity studies since they are devoid of the above-
mentioned limitations (Saker et al. 2005; Souza et al.
2008). Among many marker systems, simple sequence
repeats (SSRs) are considered suitable because of their
abundance in the genome (Matsuoka et al. 2002), high
variability (Tautz 1989; Schug et al. 1998), uniform distri-
bution in the genome (Liu et al. 1996; Senior et al. 1996).
SSRs are PCR-based, codominant in inheritance and multi-
allelic marker system (Chin et al. 1996). The assay is less
laborious and inexpensive since the alleles can be separated
by even simple agarose gel electrophoresis (Senior et al.
1998; Pinto et al. 2003).

Several studies have extensively usedmolecular markers to
assess the genetic relationship of genotypes in maize
(Dubreuil et al. 1996; Smith et al. 1997; Ajmone-Marsan et
al. 1998; Senior et al.1998; Dubreuil and Charcosset, 1999;
Lu and Bernardo 2001; Enoki et al. 2002; Gethi et al. 2002;
Legesse et al. 2007; Van Inghelandt et al. 2010), in ground nut
(Jiang et al. 2010), in sorghum (Dickson et al. 2011) and in
wheat (Chenyang et al. 2011). Many studies used SSR
markers in maize (Lu and bernardo 2001; Vigouroux et al.
2002; Warburton et al. 2002; Liu et al. 2003; le Clerc et al.
2005; Warburton et al. 2008) since they detect high levels of
polymorhphism (Smith et al. 1997), are amenable for auto-
mation (Sharon et al. 1997) and, provide precision and repro-
ducible assays (Heckenberger et al. 2002).

Identification of heterotic pairs to improve agronomic
traits from genetic diversity studies has been seen in many
crops. Melchinger and Gumber (1998) discussed the possi-
bilities of establishment of heterotic pools in maize using
genetic distance based on molecular markers. The ability of
SSR markers to identify the potential heterotic groups in
maize has been demonstrated in previous studies (Enoki et
al. 2002; Reif et al. 2003; Barata and Carena, 2006). The
inclusion of exotic germplasm between the groups has also
been suggested to increase the genetic difference thereby
improving the heterotic potential among the groups (Beck et
al. 1991; Ron Parra and Hallauer 1997).

Development of a mapping population to map QTLs for
drought is a big investment in breeding program hence,
selection of an appropriate parental pair should be given
much importance. Molecular markers to a certain extent can
help in assessment of genetic distance and the level of
polymorphism among the given genotypes but genotypic
data combined with morpho-physiological data would be a
good option to choose the parents. Morpho-physiological
traits, which can be quantified and realized visually, play

major role in selection of parental lines especially for devel-
oping population to map drought QTLs.

The present experiment was carried out with the follow-
ing objectives: to characterize the maize inbred lines using
SSR markers and morpho-physiological traits, to assess the
genetic relationship of the inbred lines, and to find suitable
parental pairs for developing mapping population segregat-
ing for putative drought QTLs.

Materials and methods

Materials and genotyping

A total of 24 inbred lines, representing Indian and CIMMYT
collections were used in the present study for molecular
characterization (Table 1). These genotypes were grown in
individual cups and the leaf sample from 10 to 15 seedlings
was harvested in bulk after removing the midrib and leaf tip
from 14-day old plants. Total genomic DNAwas isolated by
using CTAB procedure (Murray and Thompson, 1980).
Based on quantification results a working stock of 20 ng/ul
was prepared using the mother stock.

A total of 50 SSRmarkers with good coverage on themaize
genome, were initially selected for genotyping and the PCR
was carried out in 10 μl reaction mixture containing 2 ul of
20 ng/ul genomic DNA as template, 2 mM MgCl2, 1 mM
dNTPs, 2 μMprimer pair (forward and reverse) and 1.5 U Taq
Polymerase (GeNei, Mumbai). The amplification was carried
out with initial denaturation of 94°C for 3 min and followed by
a “touch-down” procedure with two steps. The first step had 12
cycles: denaturation at 94°C for 30 s, annealing at 63°C for
30 s (subsequently the annealing temperature was reduced by
0.5°C per cycle), and extension at 72°C for 45 s. The second
step was set for 35 cycles: denaturation at 94°C for
30 s, annealing at 60°C for 30 s and extension at 72°C
for 45 s. The extension step was carried out at 72°C
for 7 min. The resulting PCR amplicons were resolved
in 3.5% agarose gel at 120 V for 3–4 h. The amplicons
were scored as alleles for the loci. The alleles were
scored manually and allele sizes (base pairs) were de-
termined comparing with 100 bp DNA ladder which is
run parallel with the inbred lines.

Phenotyping

The 24 maize inbred lines were evaluated for their response
to drought during kharif 2010 at the Maize Research Farm
of the Indian Agricultural Research Institute, New Delhi
(Table 1). Soil of the experimental plots was sandy loam
with pH 7.8. The set of 24 lines were evaluated under well-
water and water stressed situations in RBD with two repli-
cations. Each entry was planted in single row of 1.75 m
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long, with 0.20 m spacing within and 0.60 m between rows.
All the entries were sown during the 2nd of July 2010 and
thinned to one plant per hill at the V2 growth stage. The crop
was raised following all recommended package of practices
except that nitrogen was applied in 5 split doses (basal,
seedling, knee high, flowering and grain filling stages).

The target stage for imposing drought was the reproduc-
tive phase, including flowering (both male and female),
pollination, fertilization and early grain filling stage (lag
phase, which is known to be completely dependent on
current assimilate supply). The drought stress was imposed
under managed stress (rain-out shelter) conditions by with-
drawing irrigation and closing the top of rain-out shelter
2 weeks before 50% anthesis till 2 weeks after completion of
50% silking. After the completion of drought treatment the
top of the rain-out shelter was moved to its platform.

Morpho-physiological observations were made for
anthesis-silking interval (ASI), chlorophyll content (CC),

leaf area index (LAI), root length (RL), and relative water
content (RWC). For measuring root length, the plants were
dug out carefully. Roots were separated from the plant and
washed in running tap water for complete removal of sand
particles. The RL was measured by spreading root system
and expressed in cm. The CC was measured with SPAD
Chlorophyll meter (Minolta, Japan, Model 502) and
expressed in SPAD value. The RWC (in%) of leaf was
measured by the method described by (Smart and Bingham
1974). The LAI was measured by plant canopy analyzer
(LICOR Bioscience, USA, Model LAI 2200). The ASI (in
days) was calculated by subtracting days to 50% anthesis
from days to 50% silking.

Data analysis

After the initial screen, 15 monomorphic and poorly ampli-
fied SSR markers were rejected from the experiment. The

Table 1 Pedigree and special characteristics of inbred lines selected for genetic diversity assessment

S.No Genotype Pedigree Source Features

1 DTPYC9-F87-1-1 CIMMYT drought pool CIMMYT Yellow, drought tolerant and high provit A content

2 DTPWC9-F119-1-2 CIMMYT drought pool CIMMYT Yellow, drought tolerant and high provit A content

3 DTPYC9-F46-3-6 CIMMYT drought pool CIMMYT Yellow, drought tolerant and high provit A content

4 DTPYC9-F102-4-5 CIMMYT drought pool CIMMYT Yellow, drought tolerant and high provit A content

5 LM 14 CA00310-xb-xb-xb-1-1-1-1-1 Ludhiana Yellow, flint, late

6 LM 16 (JS 4–30…×(Tarun×Makki Safed 1) Ludhiana Orange, flint, early

7 CML39 Pop 32 CIMMYT White, flint, medium plant height with low ear position

8 CML69 P36C5F37-2-1-1-B1#B1-B1#B1-B1 CIMMYT Yellow, semi dent, tall plant with average ear position

9 POOL 16 BNSEQ.C3
F32×37-4

CIMMYT drought pool CIMMYT White, dent, early, lowland tropical genotype, tolerance
to drought and to low soil nitrogen. Short statured,
resistance to lowland diseases and high yield potential.

10 POOL 16 BNSEQ.C3
F34×31-2

CIMMYT drought pool CIMMYT White, dent, early, lowland tropical genotype, tolerance
to drought and to low soil nitrogen. Short statured,
resistance to lowland diseases and high yield potential.

11 POOL 16 BNSEQ.C3
F10×36-2

CIMMYT drought pool CIMMYT White, dent, early, lowland tropical genotype, tolerance
to drought and to low soil nitrogen. Short statured,
resistance to lowland diseases and high yield potential.

12 G18Seq C5 F100-1-1 CIMMYT drought pool CIMMYT White, drought susceptible, QPM

13 G18Seq C5 F68-2-1 CIMMYT drought pool CIMMYT White, drought susceptible, QPM

14 CM 139 (Tarun×MS1)-Y63-1-9-2-1-1-2 DMR Yellow, flint, late

15 CM 140 J617-61-1-1-1-1-6-FS5-1-1 DMR Yellow, flint, late

16 CM 144 (Tarun×MS1)-Y63-1-9-2-1-1 DMR Yellow, flint, late

17 HKI PC3 LMC 3 Karnal Orange, flint, early, dark green plants, sparse tassel

18 HKI 335 Pool 10 Karnal Yellow, flint, early, stay green, purple tassel and silk

19 HKI 577 CH2 Karnal Yellow, flint, late, erect leaves, tassel and silk green

20 HKI 1532 Hybrid (FF) Karnal Purple tassel, narrow and dark green leaves, stay green

21 CM 151 IPA 510-f-# IARI Yellow, flint, early

22 CM138 IPA 21-10-f-#-15 IARI Yellow, flint, early

23 HKI 139 Pozarica 86 Karnal Dark orange, flint, initially purple plants

24 HKI 1345 CML6 Karnal White, dent, late, dark green and broad leaves, stem,
tassel green, sparse and silk purple

J. Plant Biochem. Biotechnol. (Jan–June 2013) 22(1):71–79 73



allele size data from 35 markers were collected for further
statistical analysis. Major allele frequency, allele number,
gene diversity, heterozygosity and polymorphic information
content (PIC) were estimated using PowerMarker V3.0 (Liu
and Muse 2005). Genetic dissimilarity was calculated by
simple matching coefficient and the phylogenetic tree was
constructed by Neighbour Joining (weighted average) meth-
od implemented in DARwin-5.0 (Perrier et al. 2003). Rep-
licated data of morpho-physiological were subjected to a
linear mixed model using ReML in GENSTAT (GENSTAT

14 Committee, 2011). Spearman’s rank correlation among
the traits was done using the same software.

Results and discussion

The summary statistics of marker related parameters are
presented in Table 2. Of the 35 SSR markers selected, the
number of di-, tri- and tetra-nucleotide repeats was 22, 10
and 1, respectively. One SSR marker (bnlg125) belonged to

Table 2 Summary statistics of the genotyping assay for the maize inbreds used in this study

S No Marker Bin location Motif Major allele frequency Number of alleles Gene diversity Heterozygosity PIC*

1 bnlg1014 1.01 AG 0.65 3 0.50 0.21 0.43

2 umc2226 1.02 TGG 0.62 3 0.50 0.10 0.42

3 bnlg439 1.03 GT 0.39 4 0.70 0.05 0.64

4 umc1273 1.06, 3.08 AG 0.50 3 0.62 0.14 0.55

5 umc1552 2.01 GGA 0.80 2 0.32 0.10 0.27

6 bnlg125 2.02 (CT)(GT) (AG) 0.45 3 0.65 0.14 0.57

7 umc2101 3, 3.01 AG 0.41 3 0.64 0.26 0.56

8 umc2101 3, 3.01 AG 0.40 4 0.70 0.21 0.64

9 umc1690 3.07 GCA 0.54 2 0.50 0.25 0.37

10 umc2174 3.08 CGA 0.63 3 0.54 0.35 0.48

11 umc1757 4.01, 4.02 TCC 0.43 3 0.62 0.13 0.54

12 phi021 4.03 AG 0.58 3 0.57 0.08 0.50

13 umc2061 4.05 CTG 0.69 3 0.44 0.13 0.36

14 umc1325 5 CT 0.82 2 0.30 0.00 0.25

15 umc1761 5.02 GCA 0.76 2 0.36 0.00 0.30

16 umc1110 5.03 AGC 0.54 3 0.57 0.21 0.49

17 umc2298 5.03 GCG 0.52 4 0.57 0.17 0.48

18 umc1056 5.03 AGCA 0.33 8 0.80 0.35 0.77

19 umc1937 5.05 Probe 0.63 3 0.51 0.16 0.44

20 phi087 5.06 ACC 0.72 3 0.43 0.13 0.37

21 umc2201 5.06/5.07 GCG 0.67 2 0.44 0.19 0.35

22 umc1186 6.01 GCT 0.39 3 0.66 0.00 0.58

23 bnlg1702 6.05 AG 0.44 4 0.66 0.13 0.59

24 umc2165 6.07 TTC 0.59 4 0.58 0.14 0.53

25 umc2325 7.01 TGG 0.45 3 0.64 0.18 0.57

26 phi034 7.02 CCT 0.60 3 0.55 0.29 0.49

27 umc2190 7.06 CCT 0.58 3 0.53 0.17 0.44

28 umc1446 8.05 AG 0.48 3 0.62 0.08 0.55

29 bnlg240 8.06 TC 0.39 3 0.66 0.09 0.59

30 umc1743 9.03/9.04 GGC 0.61 3 0.52 0.22 0.44

31 umc2341 9.05/9.06 TTC 0.40 4 0.72 0.35 0.67

32 umc2358 9.06/9.07 CGC 0.63 2 0.47 0.00 0.36

33 umc2393 9/9.01 ACG 0.68 2 0.44 0.15 0.34

34 umc2017 10.03 CAA 0.65 4 0.53 0.21 0.48

35 umc1381 10.03 AAC 0.52 4 0.57 0.09 0.48

Mean 0.56 3.17 0.55 0.16 0.48

*PIC Polymorphism information content
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compound repeat and one was a probe (umc1937). Markers
with tri-nucleotide repeats are robust and more useful for
assessing the genetic diversity since the variation in tri-
nucleotide repeats are originated from the protein coding
region (Tóth et al. 2000). The selected SSR markers uni-
formly covered all the 10 chromosomes and seven markers
out of 35 were located on chromosome 5.

The 35 polymorphic SSR markers produced as many as
111 alleles with an average of 3.17 alleles per locus in the 24
genotype panel. The average number of alleles per loci (2 to
8) obtained in the present study was higher considering the
number of genotypes examined in this study. The average
number of alleles per locus was in accordance with the
previous report (Pinto et al. 2003).

The allele size ranged from 80 bp (umc2174 and
umc1761) to 340 bp (bnlg125). The number of alleles per
locus varied from 2 (umc1552, umc1690¸ umc1325,
umc1761, umc2201, umc2358 and umc2393) to 8 alleles
(umc1056). umc1325 had the major allele frequency of
0.82 for allele 125 bp, indicated that it occurred 82% in
the panel. Whereas allele 170 bp from umc1056 having
the minimum value of 0.33 showed that it occurred only
33% in the panel. The low value of major allele fre-
quency indicated that the selected genotype panel was
highly diverse for the locus.

The level of heterozygosity in the inbred panel was
significantly low. The mean value of heterozygosity was
0.16 implying that most of the loci attained homozygosity.
However, for the loci umc2174, umc1056 and umc2341, the

heterozygosity was 0.35. The presence of heterozygosity in
the inbred lines might be due to a number of probable causes
including residual heterozygosity, pollen or seed contami-
nation, mutation at specific SSR loci, or amplification of
similar sequences in different genomic regions due to du-
plication (Semagn et al. 2006). Since maize is a highly
cross-pollinated crop, the most plausible explanation could
be the residual heterozygosity which is not uncommon in
maize. By virtue of its cross pollinated nature, maize main-
tains 5–10% heterozygosity which is called residual hetero-
zygosity. As a result of this, inbreds tend to segregate for a
few loci/characters despite repeated cycles of selfing over
many generations. However, the low level of heterozygosity
in the inbred lines revealed that they have been maintained
properly and the reported heterozygosity was inherent.

The mean PIC value was nearly 0.5, which was sufficient
to group the population into different clusters. Locus
umc1552 had the lowest PIC value (0.27) whereas locus
umc1056 had the highest PIC value (0.77). The PIC value
will in fact, depend upon the germplasm that was under
investigation. Closely related lines would express lower
PIC, where as genetically diverse lines exhibit higher PIC
values. Apart from being a different marker system which
can detect polymorphisms, the ability to resolve the alleles
also plays a crucial role in detecting the number of alleles.
Though we used agarose to resolve the alleles, the mean PIC
value was comparable with the previous findings (Senior et
al. 1998; Heckenberger et al. 2002; Vaz Patto et al. 2004),
because of the nature markers that we have chosen for

Fig. 1 Clustering pattern of
inbreds based on Weighted
Neighbor Joining method.
Major groups are denoted by a,
b and c and the subgroups are
indicated by numbers under the
major group. Further subgroups
are classified as T Tolerant, MT
Moderately Tolerant, and S
Susceptible based on their
response to drought stress
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polymorphism. The alleles of different markers gave clear
cut banding pattern and separated well from each other.

Unique alleles are the alleles present only in a particular
genotype and absent in other genotypes. A total of 13
unique alleles were identified in 35 markers. umc1056 gen-
erated a maximum of three unique alleles (120 bp in LM 14,
150 bp in DTPYC9-F46-3-6 and 185 bp in HKI 335)
followed by umc2298 which generated two unique alleles
(140 bp in CM139 and 150 bp in CML69). Markers
umc2165, umc2226, umc2061, bnlg1702, umc2017 and
phi087 had one unique allele with a size of 210 bp (CM
151), 135 bp (PC 3), 200 bp (DTPYC9-F46-3-6), 225 bp
(HKI 335), 150 bp (DTPYC9-F46-3-6) and 180 bp
(CML69), respectively. Further exploration of these unique
alleles is very important since they would often associate
with trait expression and will be useful in fingerprinting.

Assessment of genetic variability among the inbreds is a
prerequisite for a multitude of benefits including protection
of genetic identity such as intellectual property rights, con-
servation of genetic resources, and identification of potential
heterotic groups and development of mapping populations.
In the present study, we have assessed genetic diversity of
the selected inbred lines for development of mapping pop-
ulations segregating for putative drought QTLs in different
agro-ecological zones. The genetic dissimilarity calculated
based on simple matching coefficient was ranged from
0.192 to 0.803 with a mean of 0.536. The wider coefficient
values in the inbred panel suggested that the genotypes were
highly dissimilar. The mean genetic diversity was relatively
high indicating that the SSR markers revealed high level of
polymorphisms in the inbreds. The genetic diversity of our
inbred panel revealed by SSR markers was very close to the
findings of earlier results (Smith et al. 1997; Senior et al.
1998; Vaz Patto et al. 2004).

The weighted NJ method grouped the 24 genotypes into
three major groups (a, b and c, Fig. 1). The group A had 11
genotypes and it was further divided into five subgroups (A-
1, A-2, A-3, A-4 and A-5), of which A-2 and A-5 formed
single genotype clusters. The second group (B) had two
genotypes and the third group (C) had 11 genotypes. Group
C was further separated into four subgroups (C-1, C-2, C-3
and C-4). Genotype LM 14 formed single genotype group
(C-2) under group C. The markers separated the genotypes
into different clusters and closely related genotypes

clustered according to their pedigree. In group A, three
genotypes (HKI 1532, HKI 577 and HKI 355) were grouped
together (A-4) since they shared common pedigree. The
DTPYC9 series had four genotypes and they formed a
single sub-group (C-1) under group C. These four lines were
bred at CIMMYT for drought tolerance. Similarly, pool 16
had three genotypes, derived from same pedigree found to
be grouped in C-4. CM 139 and CM 140 formed indepen-
dent sub-groups, indicating that they were distantly related
from other genotypes of group A. The genetic dissimilarity
of CM 139 and CM 140 had been already exploited in the
heterosis breeding program resulted the release of hybrid
“Parkash”. Our study reinstated the fact that these two were
distantly related. LM 14 in group C also formed single
cluster since it was genetically diverse from other members
of group C. Group B had only two genotypes and they
grouped together but separated from other two groups and
they were susceptible to drought stress.

This study opened up a lot of possibility of development
of hybrids tolerance to drought stress by exploiting the
heterosis. Since our experiment proved that the hybrid “Par-
kash” had the product of genetically dissimilar parental
lines, the SSR-based clustering and the relationship among
parental lines can be further used for development of new
hybrids.

Significant variation was found in all the traits used in
this experiment under stress condition (Table 3). A positive
correlation was observed among root length, chlorophyll
content, LAI and RWC where as ASI had negative relation-
ship with other traits (Table 4). Longer roots will absorb
more water so the RWC will go high. Broader leaf will hold
more moisture so it will increase the chlorophyll content.

Table 3 Sources of variation, component, standard error (in parenthesis) and significance for the morpho-physiological traits from the ReML model

Source of variation df ASI CC LAI RL RWC

Genotype 23 3.79 (1.12)** 39.99 (12.20)** 0.51 (0.15)** 31.98 (9.74)** 77.01 (23.73)**

Replication 2 0.02 (0.07) 0.15 (0.41) 0.01 (0.03) 0.11 (0.37) 0.39 (0.70)

Residual 46 0.01 0.85 0.07 0.67 2.14

**Significant at P<0.01

Table 4 Spearman’s rank correlation among the morpho-physiological
traits

Trait ASI CC LAI RL RWC

ASI 1.000

CC −0.647*** 1.000

LAI −0.638*** 0.709*** 1.000

RL −0.600*** 0.565*** 0.648*** 1.000

RWC −0.773*** 0.760*** 0.582*** 0.621*** 1.000

***Significant at P<0.001
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These four traits had negative relationship with ASI which is
again considered to be a good combination for breeding
drought tolerance (Fig. 2). Since shorter ASI will ensure
better pollination and escape from drought stress. All these
traits complement to each other in mitigating drought stress.
The morpho-physiological traits in conjunction with the
genetic distance were used to short list the parental geno-
types for development of mapping population and subse-
quent QTL mapping.

Lines from three distinct groups emerged as potential-
drought tolerant lines based on phenotyping data. Two late
maturity genotypes (HKI 577 and HKI 1752) from A-4
cluster, two genotypes (DTPWC9-F119-1-2 and DTPYC9-
F46-3-6) from C-1 cluster and three genotypes (POOL 16
BNSEQ.C3 F32×37–4, POOL 16 BNSEQ.C3 F34×31–2,
POOL 16 BNSEQ.C3 F10×36–2) from C-4 cluster were all
drought tolerant genotypes and clear favorites for mapping

population development under stress condition. The geno-
types showed one- or two-day difference between anthesis
and silking which is considered to be one of the important
traits for breeding drought tolerance. Among them, geno-
types HKI 577 and HKI 1532 were the top ranked inbreds
having desirable characteristics. The value for root length,
chlorophyll content and leaf area index of these two inbred
lines were almost twice or more compared to many of the
susceptible lines in different groups. The relative water
content was almost 30% more than the susceptible geno-
types. Additionally, from the rain-out experiment, we found
that HKI 1532 possessed “stay green” trait, which is a
desirable trait for drought tolerance. In addition to that the
root length was maximum (41.8 cm) and the RWC was
significantly high (65.2%) in HKI 1532 than many other
susceptible genotypes. On the other hand, Clusters A-1, A-3
and cluster B each of them had two genotypes (HKI 1345
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Fig. 2 Mean performance of
inbred lines under moisture
stress condition. ASI, RL, CC
and RWC are given in primary
axis. LAI is given in secondary
axis. Refer materials and
methods for trait names

Table 5 Genetic dissimilarity coefficient of the drought tolerant and susceptible lines selected for developing mapping populations

Susceptible/Tolerant DTPWC9-F119-1-2 DTPYC9-F46-3-6 POOL 16 BNSEQ.C3
F34×31-2

POOL 16 BNSEQ.C3
F10 × 36-2

HKI 577 HKI 1532

G18Seq C5 F100-1-1 0.591 0.636 0.614 0.545 0.726 0.672

G18Seq C5 F68-2-1 0.636 0.545 0.571 0.530 0.645 0.656

CM 144 0.726 0.645 0.621 0.565 0.467 0.417

PC 3 0.621 0.700 0.548 0.533 0.500 0.518

CM 151 0.646 0.674 0.660 0.479 0.543 0.457

HKI 1345 0.685 0.625 0.603 0.648 0.556 0.537

CML 69 0.667 0.530 0.500 0.500 0.645 0.578
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and HKI PC3, CM 144 and CM 151, and G18Seq C5 F100-
1-1 and G18Seq C5 F68-2-1, respectively) and cluster C-3
had CML 69, which can serve as susceptible parents while
generating mapping population. The difference between
anthesis and silking was 6 days in all these susceptible
genotypes except in G18Seq C5 F100-1-1, where it was
3 days. It would be now possible to map QTLs for root
length, chlorophyll content, RWC, LAI and ASI using these
contrasting parental lines.

Moreover, the selected parental lines were genetically
distant which was confirmed by the genetic distance matrix.
The genetic distance for most of the selected parental pair
for mapping population development was more than 0.5
units (Table 5). The drought tolerant and susceptible geno-
types from different groups were selected based on their
genetic distance and morpho-physiological traits for devel-
opment of new mapping population to map QTLs.

This study also identified distinct groups based on their
response to drought stress and genetic relationship. Sub-
groups A-4, C-1 and C-4 possessed several drought tolerant
lines, where as subgroups A-1, A-3 and group B had a lot of
susceptible lines. These groups were genetically different
from each other and having differential response to drought
stress. It would be advantageous to select inbreds from the
tolerant and susceptible groups, to exploit the heterosis and
maximizing yield under drought stress. The lines selected
for mapping population development would also serve as
parental pairs for exploiting heterosis. The selected parental
pairs can be tested for combining ability and for their het-
erotic performance.
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